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Abstract of JP2002225269 
PROBLEM TO BE SOLVED: To provide an 
ink-jet printer head which solves a problem 
caused by thickness of a piezoelectric sheet 
and an electrode, obtains an excellent jet 
performance by bringing out well a 
piezoelectric characteristic of the piezoelectric 
sheet and obtaining full displacement of an 
active part, and prevents occurrence of defects 
such as an electrode cut, a laminated layer 
release and the like, and also to provide its 
piezoelectric element. SOLUTION: Film 
thickness of one layer of the piezoelectric 
sheets 40a to 40f and ceramic layers 71a to 
71c is constructed so as to be 5 &mu m to 40 
&mu m, preferably 15 &mu m to 30 &mu m. 
Film thickness of one layer of common 
electrodes 42 and individual electrodes 44a to 
44c is also constructed so as to be 0.7 &mu m 
to 5 &mu m, preferably 1 &mu m to 3 &mu m. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The cavity plate which has two or more ink rooms which are open for free passage to two or 
more orifice for ink injection and each orifice, A piezo-electric sheet equipped with two or more 
electrodes formed in the location corresponding to said two or more ink rooms Two or more sheets, It 
has the piezoelectric device of the plate mold which carried out the laminating, sintered and was formed 
in one. This piezoelectric device It is the ink jet printer head to which said two or more ink rooms are 
covered on said cavity plate, it is attached in it, and said two or more piezo-electric sheets are 
characterized by setting each thickness as 5 micrometers - 40 micrometers. 

[Claim 2] Said two or more piezo-electric sheets are ink jet printer heads according to claim 1 to which 
each thickness is characterized by being set as 1 5 micrometers - 30 micrometers. 
[Claim 3] Said electrode is an ink jet printer head according to claim 1 or 2 characterized by setting 
thickness as 0.7 micrometers - 5 micrometers. 

[Claim 4] Said electrode is an ink jet printer head according to claim 3 characterized by consisting of 
two or more individual electrodes formed in said each ink room and the location which counters, and a 
common electrode formed over said two or more ink rooms, and setting the width of face of the 
electrode according to each [ said ] as 50 micrometers - 500 micrometers. 

[Claim 5] Said electrode is an ink jet printer head according to claim 3 characterized by setting thickness 
as 1 micrometer - 3 micrometers. 

[Claim 6] Said electrode is an ink jet printer head according to claim 5 characterized by consisting of 
two or more individual electrodes formed in said each ink room and the location which counters, and a 
common electrode formed over said two or more ink rooms, and setting the width of face of the 
electrode according to each [ said ] as 80 micrometers - 200 micrometers. 

[Claim 7] On the cavity plate which has two or more ink rooms which are open for free passage to two 
or more orifice and each orifice 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezoelectric device used for the ink jet printer head 

of a piezo-electric type, and it. 

[0002] 

[Description of the Prior Art] In the ink jet printer head used for the ink jet printer, the piezo-electric 
formula ink jet printer head which prints by adjoining the ink room of a cavity plate, preparing a 
piezoelectric device, and making ink inject from an ink room is known. 

[0003] With this piezo-electric type ink jet printer head, the cavity plate which carried out the laminating 
of the piezo-electric sheet and electrode made from a ceramic by turns, pressed, calcinated and formed 
the piezoelectric device, and formed the ink room separately, and the piezoelectric device were pasted 
up using adhesives etc., and deformation restricted material was further pasted up and manufactured on 
the piezoelectric device. And he carries out the variation rate of the activity section of the piezo-electric 
sheet inserted into inter-electrode, and is trying to give a pressure to the ink of the ink interior of a room 
by impressing an electrical potential difference to an electrode. 
[0004] 

[Problem(s) to be Solved by the Invention] However, according to the conventional piezoelectric device, 
when the piezo-electric sheet was thin, the metal of an electrode may be spread too much at the time of 
said baking, and there was a problem that the piezo-electric property of a piezo-electric sheet was 
spoiled. Moreover, conversely, when the piezo-electric sheet was thick, it became mighty restricted 
influencing of the inactive part in the perimeter of the active site inserted into inter-electrode, and there 
was a problem that sufficient variation rate of an active site was not obtained. 

[0005] Furthermore, when the electrode was thin, there was a problem of an electrode becoming thin too 
much or going out by diffusion at the time of baking. Moreover, when the electrode was thick, the 
difference of the thickness of the piezoelectric device after the laminating by the difference of the part in 
which an electrode exists, and the part not existing became large, and there was a problem that the 
laminating interface of the part where an electrode does not exist became easy to exfoliate. 
[0006] This invention was made in view of said problem, solves the problem based on the thickness of a 
piezo-electric sheet and an electrode, demonstrates the piezo-electric property of a piezo-electric sheet 
good, and offers the ink jet printer head and piezoelectric device which both do not generate faults, such 
as an electrode piece and laminating exfoliation, as if the injection engine performance which obtained 
sufficient variation rate of an active site and was excellent is obtained. 
[0007] 

[Means for Solving the Problem] The cavity plate which has two or more ink rooms which this 
invention opens for free passage to two or more orifice for ink injection and each orifice in order to 
solve said technical problem, A piezo-electric sheet equipped with two or more electrodes formed in the 
location corresponding to said two or more ink rooms Two or more sheets, It has the piezoelectric 
device of the plate mold which carried out the laminating, sintered and was formed in one, and this 
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piezoelectric device covers said two or more ink rooms on said cavity plate, and is attached in it, and 
each thickness of two or more of said piezo-electric sheets is set as 5 micrometers - 40 micrometers. 
[0008] this ~ getting twisted ~ each piezo-electric sheet is a certain thing 5 micrometers or more in 
thickness, the metal of an electrode is not spread too much at the time of baking, and a good piezo- 
electric property is maintained. Moreover, the effect of constraint of the inactive part in the perimeter of 
an active site is not too strong, and sufficient variation rate of an active site is obtained because 
thickness sets to 40 micrometers or less. Therefore, the injection property stabilized for every ink room 
by impression of the electrical potential difference to an electrode by the deformation property of the 
piezo-electric sheet of the part corresponding to each ink room becoming homogeneity and the stable 
thing is acquired. 

[0009] Preferably, as for said two or more piezo-electric sheets, each thickness is set as 1 5 micrometers - 
30 micrometers. The fall of the piezo-electric property by diffusion of the metal of the electrode layer at 
the time of baking is prevented very good by this, the effect of constraint of the inactive part in the 
perimeter of an active site is suppressed very good, and sufficient variation rate of an active site is 
obtained. 

[0010] Moreover, as for said electrode, thickness is preferably set as 0.7 micrometers - 5 micrometers. 
Still more preferably, in this case, an electrode consists of two or more individual electrodes formed in 
said each ink room and the location which counters, and a common electrode formed over said two or 
more ink rooms, and the width of face of the electrode according to each [ said ] is set as 50 micrometers 
- 500 micrometers. 

[001 1] An electrode becomes thin too much by diffusion at the time of baking, or it is prevented good 
that an electrode goes out by this. Moreover, in the piezoelectric device after a laminating, the difference 
of the thickness of a piezoelectric device based on the difference of the part in which an electrode exists, 
and the part not existing does not become large too much, and exfoliation of the laminating interface in 
the part which does not exist an electrode is prevented good. An efficient ink jet head can be built on the 
engine performance and production. 

[0012] As for said electrode, thickness is set as 1 micrometer - 3 micrometers still more preferably. 
Moreover, an electrode consists of two or more individual electrodes formed in said each ink room and 
the location which counters, and a common electrode formed over said two or more ink rooms, and the 
width of face of the electrode according to each [ said ] is set as 80 micrometers - 200 micrometers. An 
electrode becomes thin too much by diffusion at the time of baking, or it is prevented much more 
certainly [ that an electrode goes out by this ]. Moreover, in the piezoelectric device after a laminating, 
the difference of the thickness of a piezoelectric device based on the difference of the part in which an 
electrode exists, and the part not existing does not become large too much, and exfoliation of the 
laminating interface in the part which does not exist an electrode is prevented much more certainly. A 
much more efficient ink jet head can be built on the engine performance and production. 
[0013] 

[Embodiment of the Invention] Hereafter, the ink jet printer head concerning this invention and its 
piezoelectric device are explained to a detail with reference to drawing 1 thru/or drawing 9 . 
[0014] Drawing 7 is drawing showing the important section of an ink jet printer 1 . The conveyance 
direction of a form 1 1 and a platen 10 cross at right angles, and is prepared horizontally. This platen 10 
is equipped with a shaft 12, is supported to revolve by the frame 13 pivotable, and is driven through a 
drive gear train by the motor 14. The ink jet printer head 1 5 is formed in the location which countered 
the platen 1 0. 

[0015] This ink jet printer head 15 is arranged on carriage 18 with the ink feeder 16. Carriage 18 is 
supported possible [ sliding ] by two guide rods 20a and 20b (collectively henceforth a guide rod 20) 
arranged in parallel with the axis of the shaft 1 2 of a platen 1 0, and is combined with the timing belt 24 
almost wound around the follower pulley 21 of a pair, and the follower pulley 22. And if a driving 
pulley 22 drives by the motor 23 and a timing belt 24 is sent in the predetermined direction, carriage 1 8 
will be moved along with a guide rod 20, and the ink jet printer head 15 will be moved in the condition 
of having made the platen 10 meeting. 
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[0016] Drawing 1 is the important section sectional view of the ink jet printer head 15. This head 15 
consists of a cavity plate 30 and a piezoelectric device 3. Inside, the ink rooms 32a, 32b, and 32c (the 
following, especially when not distinguishing, it is called the ink room 32.) which are the space where 
the upper part was opened wide separate the cavity plate 30 by septum 34a to the ink room body 34 
interior the whole was formed in the rectangular parallelepiped as shown in drawing 6 , and they are 
arranged three by a diagram. [ two or more ] Internal width of face is about 250 micrometers, and each 
ink room 32 is constituted by height of 60 micrometers. The orifice plate 36 which has the orifices 37a, 
37b, and 37c (it is called an orifice 37 the following, especially when not distinguishing.) which inject 
the ink corresponding to each ink rooms 32a-32c at the pars basilaris ossis occipitalis of the ink room 
body 34 is arranged in the shape of a lid. And the ink room body 34 and an orifice plate 36 consist of 
ingredients of an iron system, and are unified by adhesion. In addition, it calcinates with the ceramics 
etc., and it may really cast or you may form in one by injection using the ingredient of an alumina 
system etc. Moreover, each ink room 32 receives supply of ink by the supply way which was opened for 
free passage from the ink feeder 16 (refer to drawing 7 ) and which is not illustrated, and it always fills 
up with ink. 

[0017] The ink stored by the ink room 32 is set up so that predetermined negative pressure may be 
applied, therefore ink forms the meniscus of concave toward the exterior in an orifice 37 with surface 
tension. Therefore, although ink does not usually leak out from an orifice 37, internal pressure increases 
and ink is injected only for a case from an orifice 37. Moreover, the derivation way of ink is further 
prepared from the ink room 32, and an orifice 37 is arranged, and the injection direction etc. may be 
adjusted or you may make it arrange an orifice 37 like the gestalt of this operation in addition to the pars 
basilaris ossis occipitalis of the ink room 32 besides that by which the direct orifice 37 is formed in the 
ink room 32. 

[0018] The barrier layer 38 prepared above the cavity plate 30 so that a piezoelectric device 3 might give 
a pressure to ink at each ink room 32, and the cavity plate 30 of the barrier layer 38 consist of a 
restricted layer 70 which restrains the variation rate to the opposite side. Piezo-electric sheet 40a made 
from electrostrictive ceramics by which, as for the barrier layer 38, the electrode pattern was formed in 
the front face, 40b, 40c, 40d, 40e, 40f (the following, especially when not distinguishing, it is called the 
piezo-electric sheet 40.) A laminating is carried out, and it is formed and the restricted layers 70 are the 
ceramic layers 71a, 71b, and 71c (the following, especially when not distinguishing, it is called the 
ceramic layer 71.). A laminating is carried out and it is formed. The restricted layer 70 was calcinated by 
a barrier layer 38 and one so that it might mention later, it raised the rigidity of the piezoelectric-device 
3 whole, and has prevented the cross talk. 

[0019] The piezo-electric sheet 40 which constitutes a barrier layer 38 forms in a sheet metal-like sheet 
the electrostrictive ceramics which has an electrostrictive effect. Among those, as shown in drawing 5 , 
it is formed in the top face of the piezo-electric sheets 40a, 40c, and 40e in every other one so that the 
electrode takeoff connection 43 for connecting electrically the interior negative electrode layer 42 of a 
wrap, i.e., a common electrode, and this electrode with the exterior may mention the whole later except 
for the periphery edge of this piezo-electric sheet, and in the above-mentioned piezo-electric sheets 40a, 
40c, and 40e and piezo-electric sheets [ which are located by turns / 40b, 40d, and 40f ] top face Two or 
more band-like internal positive electrode layers 44a, 44b, and 44c, i.e., individual electrodes, whose 
width methods of the cross direction of the ink room 32 it is arranged in parallel and are about 120 
micrometers as it corresponds by 1 to 1 to the ink rooms 32a-32c, The electrode takeoff connections 
45a, 45b, and 45c for connecting this electrode with the exterior electrically, respectively are formed. 
[0020] In the gestalt of this operation, the common electrode 42 and the individual electrodes 44a-44c 
consist of a metallic material of an Ag-Pd system, and 0.7 micrometers - 5 micrometers of thickness are 
preferably set as 1 micrometer - 3 micrometers. 

[0021] And two or more sheet laminating of the piezo-electric sheet 40 with which two kinds of these 
electrode patterns were printed is carried out by turns. It is inserted into the common electrode 42 and 
the individual electrodes 44a-44c, and each piezo-electric sheet 40 by which the laminating was carried 
out is located, as shown in drawing 1 . Moreover, since the individual electrodes 44a-44c are formed in 
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band-like, as the range is shown in each piezo-electric sheet 40 in the drawing 1 upper part, it is inserted 
into the common electrode 42 and the individual electrodes 44a-44c, and the piezo-electric activity 
sections 46a, 46b, and 46c the width of face of whose is about 120 micrometers, and the piezo-electric 
inert segment 48 which is not inserted into the common electrode 42 and the individual electrodes 44a- 
44c are formed. That is, the part which electric field arise and deforms perpendicularly according to an 
electrostrictive effect when an electrical potential difference is impressed to a common electrode and 
individual inter- electrode in the piezo-electric sheet 40, and the part which electric field do not produce 
even if it impresses an electrical potential difference and which is not deformed will be made. And the 
barrier layer 38 has fixed on the ink room body 34 so that the piezo-electric activity sections 46a-46c 
may counter the ink rooms 32a, 32b, and 32c and the piezo-electric inert segment 48 may counter 
septum 34a between ink rooms. 

[0022] The restricted layer 70 consists of ceramic layers 71a, 71b, and 71c. The ceramic layers 71 are 
the same configuration as the piezo-electric sheet 40 of a barrier layer 38, an ingredient, and magnitude. 
Furthermore, the ceramic layers 71a and 71c of the restricted layer 70 are equipped with the electrode 
takeoff connections 75a, 75b, and 75c shown in the piezo-electric sheets [ of a barrier layer 38 / 40b 40d, 
and 40f ] individual electrodes 44a, 44b, and 44c, the dummy individual electrodes 73a, 73b, and 73c of 
the same configuration as the electrode takeoff connections 45a, 45b, and 45c, and drawing 2 . 
Moreover, ceramic layer 71b of the restricted layer 70 is equipped with the electrode takeoff connection 
74 shown in the common electrode 42 of the piezo-electric sheets 40a, 40c, and 40e of a barrier layer 38, 
the dummy common electrode 72 of the same configuration as the electrode takeoff connection 43, and 
drawing 2 . Here, the piezo-electric sheet 40 with which the electrode etc. was printed as mentioned 
above, and the green sheets 50 and 51 used as the ceramic layer 71 can also be shared as common 
components. However, since electric wiring differs from the arranged location so that it may mention 
later and the functions differ after forming a piezoelectric device 3, the names differ. 
[0023] A barrier layer 38 and the restricted layer 70 are manufactured by the following manufacture 
approaches. First, the mixed liquor which mixed the ceramic powder of the titanic-acid lead zirconate 
(PZT (PbTi03 and PbZr03)) system which has a ferroelectricity, the binder, and the solvent, and was 
adjusted to viscosity 10,000 - 30,000CPS is prepared, on plastic film, such as PET (polyethylene 
terephthalate), it is made to extend and dry and the green sheet of nine sheets is formed. In the gestalt of 
this operation, 5 micrometers - 40 micrometers of thickness of this green sheet were preferably set as 15 
micrometers - 30 micrometers. 

[0024] Furthermore, the green sheet 50 of five sheets of these screen- stencils a metallic material into the 
part used as the individual electrodes 44a, 44b, and 44c on a sheet and the electrode takeoff connections 
45a, 45b, and 45c or the dummy individual electrodes 73a, 73b, and 73c, and the electrode takeoff 
connections 75a, 75b, and 75c. Similarly, a metallic material is printed into the part which serves as the 
common electrode 42 and the electrode takeoff connection 43 or the dummy common electrode 72, and 
the electrode takeoff connection 74 on the green sheet 51 of remaining four sheets. 
[0025] And the nine-sheet laminating of the green sheet 50 is carried out to the bottom by turns among 
two kinds of these green sheets 50 and 51 . Thus, if the laminating of the green sheets 50 and 5 1 is 
carried out, it will be arranged so that a green sheet 50 may become an up-and-down edge. After all, as a 
barrier layer and a restricted layer, although names differ, they will carry out [ the green sheet 50 of the 
completely same configuration ] the laminating of four sheets [ a total of nine ] for a green sheet 5 1 to 
five sheets by turns. And in this phase, there is still no distinction of a barrier layer 38 and the restricted 
layer 70. In addition, although the individual electrode has been arranged on the sheet of the lowest 
layer, you may make it arrange a common electrode on the sheet of the lowest layer with the gestalt of 
this operation. 

[0026] Next, the green sheets 50 and 51 of nine sheets **(ed) thus constituted are piled up, hot press of 
the whole is carried out, after degreasing, it sinters and the block of electrostrictive ceramics with which 
the barrier layer 38 and the restricted layer 70 were united is acquired. 

[0027] The case where the block which carried out the laminating of these green sheets 50 and 51 is 
calcinated is explained. Like previous statement, although a piezoelectric device 3 consists of a barrier 
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layer 38 and a restricted layer 70, it is a configuration with an electrode indispensable to a barrier layer 
38. On the other hand, it is not necessary to prepare an electrode in the restricted layer 70 functionally. 
However, when calcinating the block which carried out the laminating of these green sheets 50 and 5 1 , 
in the metallic material which constitutes electrostrictive ceramics and an electrode, contraction at the 
time of calcinating differs. If contraction differs even when it is small, after baking, a barrier layer 38 
will curve, or it will lenticulate, and the smoothness will be spoiled. If the smoothness of a barrier layer 
38 is spoiled, when sticking and pasting the cavity plate 30, a degree of adhesion falls, exsorption of the 
ink from the ink room 30 is produced, a defect product is produced or the problem of reinforcement 
falling by being filled up with a bulking agent arises [ regrinding of a barrier layer 38 is needed, a man 
day increases, and /****/ that a production cost goes up ]. 

[0028] Then, in a piezoelectric device 3, the restricted layer 70 consists of same electrostrictive ceramics 
ingredients as a barrier layer 38 as mentioned above. The common electrode 42 with which the restricted 
layer 70 was moreover formed in the piezo-electric sheet 40 of a barrier layer 38, the electrode takeoff 
connection 43, individual electrode 44a, 44b, 44c, the electrode takeoff connections 45a, 45b, and 45c (it 
abbreviates to an electrode below.) The dummy common electrode 72 which does not contribute the 
same thing to drive deformation of the piezo-electric sheet 70, the electrode takeoff connection 74, the 
dummy individual electrodes 73a, 73b, and 73c, the electrode takeoff connections 75a, 75b, and 75c (it 
abbreviates to a dummy electrode below.) It is formed. For this reason, since a barrier layer 38 and the 
restricted layer 70 have the completely same configuration, contraction at the time of baking can be 
made into the same thing. Furthermore, in the whole which doubled the barrier layer 38 and the 
restricted layer 70, the whole contraction is made into the symmetry with constituting the array of an 
electrode and a dummy electrode in the symmetry in the thickness direction (the direction of a 
laminating), and it constitutes so that the curvature at the time of baking may not be produced. 
[0029] Here, drawing 2 is the mimetic diagram showing electric connection of a piezoelectric device 3. 
In the side face of a piezoelectric device 3, the electrode takeoff connection 43 of the piezo-electric 
sheets 40a, 40c, and 40e, While external negative electrode 52a which consists of a conductive metallic 
material for connecting electrically the electrode takeoff connection 74 of ceramic layer 71b is arranged 
External negative electrode 52b which consists of a conductive metal plate for connecting electrically 
each of the electrode takeoff connections 75a, 75b, and 75c of the ceramic layers 71a and 71c is 
arranged, and external negative electrode 52a and external negative electrode 52b are connected further 
electrically. Therefore, each electrode or dummy electrode of the ceramic layers 71a, 71b, 71c, 40a, 40c, 
and 40e becomes the same potential. 

[0030] External positive electrode 54a which consists of a conductive metallic material for connecting 
electrically each piezo-electric sheets [ 40b, 40d, and 40f ] electrode takeoff connection 45a and 45a and 
45a on the other hand is arranged on the side face of a piezoelectric device 3. External positive electrode 
54c which consists of a conductive metallic material for connecting electrically external positive 
electrode 54b which similarly consists of a conductive metallic material for connecting electrically each 
piezo-electric sheets [ 40b, 40d, and 40f ] electrode takeoff connection 45b and 45b and 45b, each piezo- 
electric sheets [ 40b, 40d, and 40f ] electrode takeoff connection 45c and 45c, and 45c is arranged on the 
side face of a piezoelectric device 3, respectively. In addition, although it direct-prints, or it is applied 
and a metallic material is formed in the side face of a barrier layer 38 and the restricted layer 70, various 
configurations, such as forming an electrode, it being made to contact with a metal plate separately, and 
making it connect, and soldering a wire and connecting, are possible for these external electrodes. 
[0031] Here, since it does not contribute to drive deformation of the ceramic layer 71 of the restricted 
layer 70 about a dummy electrode, it is not necessary to impress driver voltage. However, even if it 
changes the dummy electrode into the insulating condition which does not have a polarity electrically, 
the potential difference may arise between the common electrodes 42 of the maximum upper layer of a 
barrier layer 38, and electrostatic capacity may be generated. Since this current is small, it does not 
contribute to drive deformation of the ceramic layer 71 , but since power loss is brought about, when a 
cell is used especially for a power source, there is disadvantageous profit that a time becomes short. 
Then, in the restricted layer 70, the dummy electrode has connected with the common electrode 42 
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formed in the barrier layer 38 electrically. Then, the potential difference does not arise between the 
dummy electrode of the restricted layer 70, and the common electrode 42 of the maximum upper layer 
of a barrier layer 38, but generating of unnecessary electrostatic capacity can be prevented. 
[0032] The block of the piezoelectric device constituted as mentioned above is dipped into the oil bath 
with which insulating oil, such as an about 130-degree C silicone oil, was filled and which is not 
illustrated, 2.5 kv(s)/mm [ about ] electric field are impressed among the external negative electrode 52 
and external positive electrodes 54a-54c, and polarization processing is performed to each piezo-electric 
sheet 40 of a barrier layer 38. By this, the piezo-electric activity sections 46a, 46b, and 46c of each 
piezo-electric sheet will have an electrostriction property so that it may be well-known. 
[0033] Moreover, as shown in drawing 2 , external negative electrode 52a is grounded in code which is 
not illustrated, and let it be ground potential. Moreover, external positive electrode 54a is connected in 
code which is not illustrated to the positive electrode of the drive power source 60 through open/close 
switch 62a. Similarly, external positive electrode 54b is connected in code which is not illustrated to the 
positive electrode of the drive power source 60 through open/close switch 62b. And external positive 
electrode 54c is connected in code which is not illustrated to the positive electrode of the drive power 
source 60 through open/close switch 62c. In addition, the negative electrode of the drive power source 
63 is made into a ground, i.e., ground potential. 

[0034] Thus, a head 15 is constituted by pasting up and attaching the obtained piezoelectric device 3 to 
the cavity plate 30, as shown in drawing 6 . 

[0035] Here, the modification of a piezoelectric device 3 is explained. Drawing 8 is drawing showing 
the piezoelectric device 203 which is the modification of a piezoelectric device 3. In addition, the sign 
same about the member of the same configuration as a piezoelectric device 3 is attached, and the 
explanation is omitted. The same is said of the following modifications. A piezoelectric device 203 is 
formed from a barrier layer 238 and the restricted layer 270 as well as a piezoelectric device 3. This 
barrier layer 238 consists of piezo-electric sheets 40 of four layers. Moreover, the five-layer laminating 
only of the ceramic layer 7 1 which has the dummy common electrode 72 is carried out, the restricted 
layer 270 is constituted, and, as for each dummy common electrode 72, each is grounded to the ground 
electrode. As the barrier layer 38 of a piezoelectric device 3 shows drawing 1 , the barrier layers 238 of a 
piezoelectric device 203 differ with consisting of piezo-electric sheets 40 of four layers to consisting of 
piezo-electric sheets 40 of six layers. Moreover, as the restricted layer 70 which constitutes a 
piezoelectric device 3 shows drawing 5 , in the restricted layer 270 of a piezoelectric device 203, it 
differs to carrying out the three-layer laminating of a green sheet 50 and the green sheet 5 1 by turns, and 
being calcinated by the ceramic layer 71 which the five-layer laminating only of the green sheet 51 is 
carried out, and it is calcinated, and is shown in drawing 8 , and the dummy electrode 72 being formed. 
As shown in a piezoelectric device 203, the number of the piezo-electric sheet 40 by which a laminating 
is carried out as a barrier layer 238 or a restricted layer 270, and the ceramic layers 71 can be changed 
according to various kinds of conditions. Moreover, if there is contraction at the time of baking of the 
electrode arranged as a dummy electrode within fixed limits which prevent curvature, it is also possible 
to constitute a part or all of the restricted layer 70 only from a green sheet 5 1 . 
[0036] Next, another modification of a piezoelectric device 3 is explained. Drawing 9 is drawing 
showing the piezoelectric device 303 which is another modification of a piezoelectric device 3. As for a 
piezoelectric device 303, a barrier layer 338 consists of piezo-electric sheets 40 of four layers like a 
piezoelectric device 203. Moreover, the five-layer laminating only of the green sheet 50 equipped with 
the dummy individual electrodes 73a, 73b, and 73c is carried out, and the restricted layer 370 is 
calcinated, and is constituted, and each is connected to ground potential. If there is contraction at the 
time of baking of a dummy positive electrode within fixed limits which prevent curvature like the 
above-mentioned piezoelectric device 203, it is also possible to constitute the restricted layer 370 only 
using a green sheet 50. 

[0037] Actuation of the piezoelectric device 3 of the piezo-electric type ink jet printer head 15 
constituted as mentioned above is explained with reference to drawing 1 and drawing 2 . According to 
predetermined printing data, among open/close switches 62a, 62b, and 62c, an electrical potential 
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difference is impressed between the common electrodes 42 and individual electrode 44a which are in the 
range of piezo-electric activity section 46a when open/close switch 62a is closed, electric field arise [ a 
controller ] on the piezo-electric sheet 40 of arbitration located in those range, and the piezoelectric 
material of piezo-electric activity section 46a develops in the vertical direction of drawing 1 according, 
to an electrostrictive effect. Since electric field do not arise in the ceramic layers 71a, 71b, and 71c of 
the restricted layer 70 at this time, it does not expand and contract. Therefore, in a barrier layer 38, 
internal electrode 44a and piezo-electric activity section 46a inserted between 42 deform toward ink 
room 32a, and decreases the volume of the ink room 32a. And the ink in ink room 32a serves as a drop 
39 from orifice 37a, and is injected. In addition, if open/close switch 62a opens, impression of an 
electrical potential difference is intercepted and piezo-electric activity section 46a is returned to the 
original location, ink will be then filled up from the ink feeder 16 with the increment in the volume of 
ink room 32a. 

[0038] The deformation in piezo-electric activity section 46a of this barrier layer 38 will be equally 
produced up and down, supposing there is no restricted layer 70. On the other hand, when the restricted 
layer 70 is formed like the gestalt of this operation, the deformation produced in piezo-electric activity 
section 46a is made to transform the ink room 32a side which is mainly the opposite side of the 
restricted layer 70. Therefore, if the deformation produced in piezo-electric activity section 46a is the 
same, as compared with the structure where it does not have the restricted layer 70, the direction of the 
piezoelectric device 3 equipped with the restricted layer 70 can enlarge deformation by the side of ink 
room 32a, and can make [ many ] the injection quantity of ink. That is, even if it impresses the same 
electrical potential difference, the injection quantity of ink can be made [ many ] by having had the 
restricted layer 70. Since in other words the electrical potential difference to impress can be made small 
to inject the ink of the specified quantity, small electrification can be attained. 
[0039] Moreover, in the gestalt of this operation, as mentioned above, since the thickness is set as 5 
micrometers - 40 micrometers, a good piezo-electric property is acquired and the green sheets 50 and 51 
used as the piezo-electric sheet 40 with which said electrode etc. was printed, and the ceramic layer 71 
can obtain sufficient variation rate in a barrier layer 38. The relation between the thickness of this green 
sheet, and a piezo-electric property and the variation rate of a barrier layer is explained using drawin g 3 . 

[0040] Drawing 3 is a graph which shows the relation between much more thickness of a ceramic layer, 
and a piezoelectric constant and the amount of displacement. As shown in drawing 3 , when much more 
thickness of a ceramic layer is 15 micrometers or more, a piezoelectric constant d33 becomes more than 
600 (xlO-12 m/V), and it turns out that a good property is acquired. 

[0041] However, when much more thickness of a ceramic layer is less than 5 micrometers, a 
piezoelectric constant d33 becomes under 450 (xlO-12 m/V), and it turns out that sufficient property is 
not acquired. Since Ag in an electrode diffuses this too much at the time of baking when thickness is 
less than 5 micrometers, it is considered that piezo-electric property sufficient as mentioned above is not 
acquired. Then, in the gestalt of this operation, preferably, 5 micrometers or more of much more 
thickness of a ceramic layer were constituted so that it might be set to 1 5 micrometers or more. 
Therefore, in the gestalt of this operation, sufficient piezo-electric property can be acquired in a barrier 
layer 38. 

[0042] On the other hand, as shown in drawing 3 , it turns out that the amount of displacement of 20nm 
or more is obtained for much more thickness of a ceramic layer in a barrier layer 38 in the case of 30 
micrometers or less. In addition, the amount of displacement shown in drawing 3 shows the amount of 
displacement at the time of impressing the electrical potential difference of 20V to a five-layer ceramic 
layer among barrier layers 38. however ~ if much more thickness of a ceramic layer exceeds 40 
micrometers — a barrier layer 38 — setting — the variation rate of 13nm or less ~ an amount ~ becoming 
— 10 — it turns out that a **** variation rate is not obtained. 

[0043] This becomes what has the effect of constraint of the piezo-electric inert segment in the perimeter 
of the piezo-electric activity section big when much more thickness of a ceramic layer exceeds 40 
micrometers, and it is thought that sufficient variation rate is no longer obtained in the piezo-electric 
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activity section. 

[0044] Then, in the gestalt of this operation, preferably, 40 micrometers or less of much more thickness 
of a ceramic layer were constituted so that it might be set to 30 micrometers or less. Consequently, 
sufficient amount of displacement can be obtained in the barrier layer 38 of the gestalt of this operation. 
[0045] In the gestalt of this operation, as mentioned above, moreover, the common electrode 42 and the 
individual electrodes 44a-44c which consist of the metallic material of an Ag-Pd system Since 0.7 
micrometers - 5 micrometers of thickness are preferably set as 1 micrometer - 3 micrometers, There are 
few differences of the thickness of the piezoelectric device of the part where the problem that an 
electrode will become thin too much or an electrode will go out does not occur, and an internal electrode 
exists, and the part not existing, and it has been hard coming to generate exfoliation by the laminating 
interface. The relation between the thickness of this electrode and exfoliation by the thickness and the 
laminating interface of an electrode is explained using drawing 4 . 

[0046] Drawing 4 is a graph which shows the relation between the thickness of an internal electrode, and 
exfoliation by electrostatic capacity and the laminating interface. As shown in drawing 4 , when the 
thickness of an internal electrode is 1 micrometers or more, the electrostatic capacity of 1 600pF is 
obtained and it turns out that the electrode of sufficient thickness is formed. However, when the 
thickness of an internal electrode is less than 0.7 micrometers, it turns out that electrostatic capacity is 
set to less than 1 500pF, and the electrode is thin. Furthermore, when the thickness of an internal 
electrode is 0.5 micrometers or less, electrostatic capacity is set to less than 500pF, and it turns out that 
an electrode piece is generated. Since Ag in an electrode is spread at the time of baking when the 
thickness of an internal electrode is less than 0.7 micrometers, this is considered that an electrode 
becomes thin too much or an electrode piece arises. Then, in the gestalt of this operation, preferably, 0.7 
micrometers or more of thickness of an internal electrode were constituted so that it might be set to 1 
micrometers or more. Therefore, in the gestalt of this operation, the electrode of sufficient thickness can 
be formed in the common electrode 42 and the individual electrodes 44a-44c. 

[0047] On the other hand, as shown in drawing 4 , when the thickness of an internal electrode exceeds 5 
micrometers, it turns out that exfoliations by the laminating interface of the part where an internal 
electrode does not exist occur frequently. This is considered to be because for the difference of the 
thickness of a piezoelectric device 3 of the part where an internal electrode exists, and the part where an 
internal electrode does not exist to become large too much when the thickness of an internal electrode 
exceeds 5 micrometers. Then, in the gestalt of this operation, the thickness of an internal electrode 
constituted 5 micrometers or less so that it might be preferably set to 3 micrometers or less. 
Consequently, exfoliation by the laminating interface can be prevented. 

[0048] Furthermore, the width of face of the individual electrodes 44a-44c formed in a piezo-electric 
sheet is influenced by the pitch between adjoining ink rooms, and is further determined by the width of 
face of an ink room. As for the width of face of this individual electrode, it is desirable to be formed by 
40% - 70% of the width of face of an ink room. In being narrower than 40%, it is easy to produce 
dispersion in the injection situation of a liquid ink drop, without obtaining sufficient pressure variation 
to the volume of an ink room. On the contrary, in being larger than 70%, spacing with septum 34a 
between ink rooms becomes narrow, the variation rate of electrostrictive ceramics is restrained, and 
there is a possibility of affecting the pressure variation of the ink room which it not only does not 
contribute to the increment in a pressure, but adjoins depending on the case (cross talk). 
[0049] Moreover, as for the pitch between the ink rooms which adjoin from the balance of the high 
integration from a viewpoint of a head design, and productivity (head resolution), it is preferably 
desirable to be designed by 169 micrometers (150dpi) - 508 micrometers (50dpi) 85 micrometers 
(300dpi) - 847 micrometers (30dpi). The width of face of septum 34a is set to about 10-20 micrometers, 
and it becomes impossible to secure sufficient jointing with a piezoelectric device on production in the 
** pitch of 85 micrometers or less. The count of a scan for obtaining a required quality of printed 
character becomes great, and it becomes impossible on the contrary, to secure the engine performance as 
a printer in the extensive pitch of 847 micrometers or more. 

[0050] When an efficient head is designed on the engine performance and production based on this head 
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resolution in consideration of the width of face of septum 34a between ink rooms, the generating 
effectiveness of a pressure, etc., it is needed that 50 micrometers - 500 micrometers of width of face of 
an individual electrode are 80 micrometers - 200 micrometers preferably. In addition, although it will 
knead with a metallic material, and a binder and a solvent, and will usually be made the shape of a paste 
and it will form using technique, such as screen-stencil, in case an electrode (metallic material of an Ag- 
Pd system in this case) is formed in a piezo-electric sheet, in such printing technique, it is very difficult 
to stabilize and form by width of face of 50 micrometers or less, and it is desirable to design by width of 
face of 80 micrometers or more preferably. 

[0051] As mentioned above, in the gestalt of this operation, since 5 micrometers - 40 micrometers of 
much more thickness of a ceramic layer were preferably constituted so that it might be set to 1 5 
micrometers - 30 micrometers, in a barrier layer 38, a good piezo-electric property and the amount of 
displacement are obtained, it becomes what was stabilized by the injection property in each ink room, 
and dispersion in the injection property for every ink room can be prevented. Moreover, since 0.7 
micrometers - 5 micrometers of thickness of an internal electrode were constituted so that it might be 
preferably set to 1 micrometer - 3 micrometers, the physical fault from which an electrode layer 
becomes a cause can be prevented, and an original piezoelectric-material property can be acquired. 
[0052] In addition, although the gestalt of operation mentioned above explained the example which 
applied this invention to the piezoelectric device which operates in elongation mode, this invention is 
not limited to such a configuration and can be applied to any piezoelectric device in the mode in uni- 
morph mode, bimorph mode, or share mode. 
[0053] 

[Effect of the Invention] According to this invention, since 5 micrometers - 40 micrometers of the 
thickness are preferably set as 15 micrometers - 30 micrometers, the metal of an electrode does not 
diffuse too much each piezo-electric sheet which constitutes the sintered compact by which two or more 
sheet laminating was carried out at the time of baking, and it keeps a good piezo-electric property above. 
Moreover, the effect of constraint of the piezo-electric inert segment in the perimeter of an active site is 
not too strong, sufficient variation rate of an active site is obtained, and the injection engine performance 
of the outstanding liquid ink drop can be demonstrated. 

[0054] Moreover, for the thickness of said electrode, width of face is [ 50 micrometers - 500 
micrometers of thickness ] 1 micrometer - 3 micrometers still more preferably in 0.7 micrometers - 5 
micrometers. The difference of the thickness of a piezoelectric device based on the difference of the 
existence of an electrode does not become large too much because width of face is 80 micrometers - 200 
micrometers. Exfoliation of the laminating interface in the part which does not exist an electrode can be 
prevented certainly, and an ink jet head with still more sufficient engine-performance and production top 
and effectiveness can be built. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawin g 1] 
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[Drawing 5] 
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[Drawing 7] 




[Drawing 9] 
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